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Background: Studies on real-world treatment patterns and long-term economic burden of Parkinson’s disease (PD) have been limited.
Objective: To assess treatment patterns, healthcare resource utilization (HRU), and costs associated with PD symptoms and 
treatment-related adverse events (AEs) among Medicare beneficiaries in the United States.
Methods: A 100% Medicare Fee-For-Service data (2006–2020) of patients with PD were analyzed. PD treatment patterns were 
described for the subset of patients who had no previously observed PD treatments or diagnoses (ie, the incident cohort). HRU and 
healthcare costs associated with PD symptoms were assessed for all patients with PD (ie, the overall cohort) and that associated with 
treatment-related AEs were assessed for the subset of patients who received PD treatments after PD diagnosis (ie, the active treatment 
cohort), using longitudinal models with repeated measures.
Results: Overall, 318,582 patients were included (mean age at PD diagnosis: 77.4 years; 53.3% female). Among patients in the 
incident cohort (N=214,829), 51.1% initiated levodopa monotherapy and 5.9% initiated dopamine agonists (DAs) monotherapy as 
first-line treatment. The proportion of incident patients treated with DAs and other PD therapies generally increased from post- 
diagnosis years 1 to 10. The median time from diagnosis to PD treatment initiation was 2.0 months; the median time to treatment 
discontinuation was the longest with levodopa (18.7 months), followed by DAs (9.5 months). In the overall cohort, PD symptoms, 
especially motor symptoms and severe motor symptoms, were associated with significantly higher rates of HRU and costs. In the 
active treatment cohort (N=234,298), treatment-related AEs were associated with significantly higher rates of HRU and medical costs.
Conclusion: While levodopa is still the mainstay of PD management, considerable heterogeneity exists in real-world treatment 
patterns. Overall, PD symptoms and AEs were associated with significantly higher HRU and healthcare costs, suggesting unmet 
medical needs for PD treatments with better tolerability profiles.
Keywords: Parkinson’s disease, treatment patterns, adverse events, healthcare resource utilization, healthcare costs

Introduction
Parkinson’s disease (PD) is a progressive neurological disorder associated with motor and cognitive disability, reduced 
quality of life, and increased mortality.1–5 Although PD is incurable, several therapeutic options may be used for 
managing its symptoms, with the choice of therapy depending on patient age, symptoms, and disease severity.6,7

Levodopa is the mainstay of symptomatic treatment for PD;2 however, the use of levodopa has been associated with 
adverse events (AEs) such as dyskinesia.8 Other PD treatment options include monoamine oxidase type B (MAO-B) 
inhibitors, amantadine, catechol-O-methyltransferase (COMT) inhibitors, and dopamine agonists (DAs).2 MAO-B inhibi-
tors and amantadine may be used as monotherapy or adjunct therapy, but they are not considered to be as effective as 
levodopa.2,9 COMT inhibitors may be used as an adjunct therapy to prolong the bioavailability of levodopa-based regimens 
but may also exacerbate the AEs of levodopa.2,10 Meanwhile, DAs have been associated with higher risks of AEs such as 
impulse control disorder, somnolence and hallucinations, and they may not be well tolerated in older adults.2,11,12

While PD has been shown to be a costly disease associated with an estimated $25.4 billion (2017 United States [US] 
dollars) of excess healthcare costs,13 most existing studies were limited to specific interventions or had short follow-up times, 
small sample sizes, or unrepresentative cohorts of the US beneficiaries.14–18 More importantly, there is a paucity of data on the 
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excess burden imposed by specific PD symptoms or treatment-related AEs. Therefore, this study aimed to better understand 
the current real-world treatment patterns among Medicare beneficiaries and to estimate the healthcare resource utilization 
(HRU) and healthcare costs associated with PD symptoms and AEs related to PD treatments while controlling for relevant 
demographic and clinical characteristics using longitudinal data from a large real-world PD cohort in the US.

Methods
Data Source
The Centers for Medicare & Medicaid Services (CMS) 100% Medicare Fee-For-Service (FFS) data, including Parts A, B, and 
D, covering the period from 2006 to 2020 were used. The data contained information on beneficiary demographics, diagnostic 
and procedure codes, medications dispensed, dates of service, place of service, type of provider, and costs paid by Medicare. 
The data were de-identified and complied with the Health Insurance Portability and Accountability Act and the Declaration of 
Helsinki; therefore, an institutional review board exemption was obtained per Title 45 of CFR, Part 46.101(b)(4).19

Study Design
A retrospective cohort study was conducted to describe PD treatment patterns as well as HRU and costs associated with 
PD symptoms and AEs of PD treatments. For all patients, the index date was the first PD diagnosis in the data, the 
baseline period was the 6-month period prior to the index date, and the follow-up period spanned from the index date to 
the earliest of end of continuous enrollment, end of data availability, or death.

Study Populations and Cohorts
The sample selection flowchart is presented in Figure 1. All eligible patients with PD were included in the overall cohort 
if they met the following criteria: 1) had at least 2 diagnoses of PD (International Classification of Diseases, 9th Revision, 
Clinical Modification [ICD-9-CM] code: 332.0; International Classification of Diseases, 10th Revision, Clinical 
Modification [ICD-10-CM] code: G20) on distinct days occurring at least 1 month apart; 2) had continuous Medicare 
Part A, B, and D enrollment for at least 6 months prior to the first observed PD diagnosis; 3) had at least 3 years of 
continuous Medicare Part A, B, and D enrollment after the first observed PD diagnosis; and 4) were aged 65 or older on 
the first observed diagnosis of PD.

Figure 1 Sample selection diagram. 
Notes: aDiagnosis of PD was identified using International Classification of Diseases-9-Clinical Modification (ICD-9-CM) diagnosis code (332.0) or ICD-10-CM diagnosis 
code (G20). bDrug classes of interest included levodopa, dopamine agonists, monoamine oxidase type B inhibitors, and others (ie, amantadine, anticholinergics, catechol- 
O-methyltransferase inhibitors, and combination therapies). 
Abbreviation: PD, Parkinson’s disease.
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Among the overall cohort, patients were classified into 2 non–mutually exclusive sub-cohorts—the incident cohort and the 
active treatment cohort—for different analyses. To be included in the incident cohort, patients with PD were additionally 
required to have no observed PD treatments or PD diagnoses any time prior to the first PD diagnosis in the data. To be included 
in the active treatment cohort, patients with PD were additionally required to have at least 2 claims for the same drug class after 
the PD diagnosis, with the second claim occurring no later than 60 days after the end of the previous supply.

Study Variables
Patient Characteristics
Baseline demographic and clinical characteristics (eg, age, sex, race, Charlson Comorbidity Index [CCI], other comor-
bidities, motor and non-motor PD symptoms) were collected for all patient cohorts during the 6 months pre-index.

Treatment Patterns
Treatment patterns during the follow-up period were assessed among patients in the incident cohort. The proportion of 
incident patients receiving different classes of PD treatments (ie, levodopa, MAO-B inhibitors, DAs, and other PD 
therapies, including amantadine, anticholinergics, COMT inhibitor, levodopa inhaler, istradefylline, and Stalevo [carbi-
dopa, levodopa and entacapone]) during the first 3 years of follow-up and treatment duration of each drug class were 
reported by line of therapy up to the third treatment regimen. Patients were considered to have started a new line of 
therapy if they switched to a new drug class, re-initiated the initial drug class after treatment discontinuation (defined by 
no claims for the current drug class for at least 60 days of the last day of supply), or added on another drug class to the 
current drug class (ie, augmentation). The distribution of PD treatments used by patients at post-index years 1, 3, 5, and 
10 were assessed among those with continuous enrollment for the entire assessment period. Levodopa doses used by 
incident patients at the end of post-index years 1, 2, and 3 as well as the proportion of incident patients who had used 
high-dose levodopa (ie, ≥600 mg/day) at any time within the first 3 years of follow-up were measured.

The time to treatment initiation (defined as the time from first PD diagnosis to initiation of first PD treatment, including 
levodopa, DA monotherapies, and DA combination therapies) as well as the time to discontinuation (defined as the time from 
initiation to discontinuation of the following first-line [1L] treatments: levodopa, DAs, MAO-B inhibitors, and other therapies) 
were assessed. Patients who did not initiate or discontinue treatment were censored at the end of the study follow-up period. 
Adherence to each drug class was measured using proportion of days covered (PDC), defined as the total number of non- 
overlapping days covered by the medication divided by number of days from 1L treatment initiation to discontinuation.

All-Cause HRU and Healthcare Costs
All-cause HRU and healthcare costs during the follow-up period were assessed among patients in the overall cohort. 
HRU was reported by category, including inpatient visits, outpatient physician or specialty visits, skilled nursing facility 
or long-term care (SNF/LTC) visits, and emergency room (ER) visits. Healthcare costs comprised medical costs and 
pharmacy costs. Costs were assessed from the payers’ perspective and reported in 2020 US dollars.

The association of HRU and healthcare costs with PD symptoms occurring in the follow-up period was assessed for 
the overall cohort. PD symptoms were grouped into the following 5 categories: 1) motor symptoms (included dystonia, 
speech disturbance, dysphagia, gait impairment, and tremor); 2) severe motor symptoms (included falls and use of 
wheelchair or other enabling machines and devices); 3) sleep disorders (ie, sleep disturbance); 4) neuropsychiatric 
symptoms (included hallucination, impulse control disorder, cognitive/memory impairment, and depression); and 5) other 
non-motor symptoms (included orthostatic hypotension, urinary symptoms, and smell and taste disturbance).

The association of HRU and healthcare costs with treatment-related AEs occurring in the follow-up period was 
assessed for the active treatment cohort. Drug class-specific AEs considered included dyskinesia, somnolence, hallucina-
tions, and impulse control disorder.

Statistical Analysis
Baseline characteristics and treatment pattern variables were summarized descriptively and reported using means and 
standard deviations (SD) for continuous variables and counts and proportions for categorical variables. Sankey plot was 
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used to summarize the proportion of incident patients receiving each drug class by line of therapy. Kaplan–Meier (KM) 
curves were used to summarize the time to treatment initiation and time to treatment discontinuation among incident 
cohort, and the median time to each event was reported.

HRU and healthcare costs were compared between patients in the overall cohort with and without PD symptoms and between 
patients in the active treatment cohort with and without treatment-related to AEs using longitudinal models with repeated 
measures. Specifically, HRU and healthcare costs during the follow-up period were examined in 6-month cycles, and patients 
were grouped by PD symptoms or by AEs observed in the previous and current cycle (present vs absent). Negative binomial 
mixed effects models were used to estimate incidence rate ratios (IRRs) for HRU, and linear mixed effects models were used to 
estimate cost differences. The use of mixed models accounted for the correlation within patients between the different 6-month 
cycles and allowed for covariate adjustments. Multivariable models were adjusted for baseline characteristics, including age, sex, 
race, state, calendar year of the first PD diagnosis, CCI score, and the other PD symptoms or drug class-specific AEs. Adjusted 
IRRs for HRU and mean cost differences along with the corresponding 95% confidence intervals (CIs) and p-values were 
reported.

All statistical analyses were conducted using SAS Enterprise Guide version 7.1.

Results
Based on the sample selection criteria (Figure 1), 318,582 patients with PD were included in overall cohort, 214,829 
were included in the incident cohort, and 234,298 were included in the active treatment cohort.

Baseline Characteristics
In the 3 cohorts (Table 1), the mean age at initial PD diagnosis was about 77 years; approximately half (51.1–53.3%) of 
the patients were female, and over 80% were of non-Hispanic White race. Patients were from all US census regions, with 
a slight preponderance of patients from the South (37.0–38.6%).

Table 1 Baseline Characteristics Stratified by Patient Cohort

Baseline Characteristicsa Overall 
Cohort

Incident 
Cohort

Active Treatment 
Cohort

N=318,582 N=214,829 N=234,298

Patient characteristics

Age at index date, years, mean ± SDb 77.4 ± 7.0 77.6 ± 6.9 77.0 ± 6.8

Female, n (%) 169,942 (53.3) 109,722 (51.1) 122,663 (52.4)

Race, n (%)
Non-Hispanic White 266,584 (83.7) 179,910 (83.7) 198,003 (84.5)

Hispanic or Latino 20,418 (6.4) 13,799 (6.4) 14,205 (6.1)

Black 16,760 (5.3) 10,844 (5.0) 11,228 (4.8)
Asian or Pacific Islander 10,110 (3.2) 7084 (3.3) 7297 (3.1)

American Indian or Alaska Native 1095 (0.3) 696 (0.3) 822 (0.4)

Other or unknown 3615 (1.1) 2496 (1.2) 2743 (1.2)
Region, n (%)

Midwest 77,095 (24.2) 51,117 (23.8) 58,535 (25.0)

Northeast 63,670 (20.0) 46,304 (21.6) 44,374 (18.9)
South 122,325 (38.4) 79,558 (37.0) 90,517 (38.6)

West 54,860 (17.2) 37,437 (17.4) 40,441 (17.3)

Other or unknownc 631 (0.2) 413 (0.2) 430 (0.2)
Year of index date, n (%)

2006–2009 102,372 (32.1) 67,043 (31.2) 74,057 (31.6)

2010–2013 101,644 (31.9) 68,906 (32.1) 74,800 (31.9)
2014–2017 114,566 (36.0) 78,880 (36.7) 85,441 (36.5)

(Continued)
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At baseline, the mean CCI of patients across cohorts was 1.4–1.5, and common comorbidities included hypertension 
(71.7–72.6%), diabetes with or without chronic complications (32.5–33.7%), coronary artery disease (27.2–27.9%), and 
cerebrovascular disease (23.2–24.2%). Regarding PD symptoms, 39.3–42.0% of patients experienced motor symptoms at 
baseline, driven by gait impairment and tremor, and 17.8–18.6% experienced severe motor symptoms. A substantial 
proportion of patients experienced non-motor symptoms, including 35.4–37.8% with neuropsychiatric symptoms (such as 
cognitive impairment and depression) and 11.0–12.4% with sleep disturbance.

Table 1 (Continued). 

Baseline Characteristicsa Overall 
Cohort

Incident 
Cohort

Active Treatment 
Cohort

N=318,582 N=214,829 N=234,298

Disease characteristics

CCI score, mean ± SDd 1.5 ± 1.8 1.4 ± 1.7 1.4 ± 1.7
Comorbidities, n (%)

Hypertension 231,292 (72.6) 155,173 (72.2) 168,083 (71.7)

Diabetes 106,078 (33.7) 68,911 (33.5) 76,256 (33.0)
Coronary artery disease 88,970 (27.9) 59,719 (27.8) 63,628 (27.2)

Cerebrovascular disease 76,098 (24.2) 50,041 (23.6) 53,716 (23.2)

Chronic pulmonary disease 66,081 (21.0) 40,904 (19.3) 46,565 (20.1)
Peripheral vascular disease 64,641 (20.5) 41,930 (19.8) 44,825 (19.4)

Congestive heart failure 46,949 (14.9) 29,606 (14.0) 32,532 (14.1)

Anxiety 47,485 (14.9) 30,370 (14.1) 34,210 (14.6)
Dementia 46,506 (14.8) 29,688 (14.0) 29,653 (12.8)

Any malignancy 34,638 (11.0) 24,377 (11.5) 25,569 (11.0)

PD symptoms, n (%)
Motor symptoms 131,453 (41.3) 84,427 (39.3) 98,391 (42.0)

Gait impairment 82,622 (25.9) 52,591 (24.5) 61,586 (26.3)

Tremor 38,739 (12.2) 24,434 (11.4) 30,570 (13.0)
Dysphagia 23,751 (7.5) 14,871 (6.9) 16,556 (7.1)

Speech disturbance 17,943 (5.6) 11,960 (5.6) 13,046 (5.6)

Dystonia 3474 (1.1) 1449 (0.7) 2481 (1.1)
Severe motor symptoms 59,160 (18.6) 38,236 (17.8) 42,234 (18.0)

Use of wheelchair or other enabling machines and devices 36,654 (11.5) 23,394 (10.9) 26,435 (11.3)

Falls 30,030 (9.4) 19,626 (9.1) 21,184 (9.0)
Sleep disorders (ie, sleep disturbance) 39,047 (12.3) 23,553 (11.0) 29,088 (12.4)

Neuropsychiatric symptoms 120,394 (37.8) 76,650 (35.7) 82,832 (35.4)

Depression 75,179 (23.6) 47,253 (22.0) 53,615 (22.9)
Cognitive/memory impairment (eg, dementia, mild cognitive impairment) 74,907 (23.5) 47,926 (22.3) 48,839 (20.8)

Hallucination 3083 (1.0) 1824 (0.8) 2067 (0.9)
Impulse control disorder 686 (0.2) 357 (0.2) 460 (0.2)

Other non-motor symptoms 39,122 (12.3) 26,587 (12.4) 29,167 (12.4)

Frequency of micturition, urgency of urination or nocturia 31,588 (9.9) 21,393 (10.0) 23,799 (10.2)
Orthostatic hypotension 8257 (2.6) 5679 (2.6) 5887 (2.5)

Smell and taste disturbance 646 (0.2) 455 (0.2) 488 (0.2)

Notes: aThe baseline period was defined as the 6 months prior to the index date. bThe index date was defined as the date of the first PD diagnosis in the data. cOther or 
unknown region included Puerto Rico, Virgin Islands, Canada and Islands, Central America and West Indies, Europe, Philippines, American Samoa, Northern Marianas, Guam 
or otherwise unknown regions. dCCI was calculated based on methods outlined in Quan, Hude, et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Medical care (2005): 1130–1139. 
Abbreviations: CCI, Charlson Comorbidity Index; ICD-9/10-CM, International Classification of Diseases-9/10-Clinical Modification; PD, Parkinson’s disease; SD, standard 
deviation.
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Treatment Patterns in the Incident Cohort
PD Treatments Received by Drug Class and Line of Therapy
The median follow-up time for the incident cohort was 5.3 (IQR: 4.0, 7.3) years. Among incident patients, the most 
commonly observed 1L treatment was levodopa monotherapy, initiated by 109,673 (51.1%) patients, followed by DAs, 
initiated by 12,684 (5.9%) patients. A total of 70,224 (32.7%) and 41,174 (19.2%) incident patients were observed to 
have any second-line (2L) or third-line (3L) treatment. For 2L treatment, 33,303 (15.5%) patients received levodopa 
monotherapy and 9523 (4.4%) patients received DAs plus levodopa combination therapy. For 3L treatment, 20,059 
(9.3%) patients received levodopa monotherapy and 5648 (2.6%) patients received DAs. A total of 71,115 (33.1%) 
incident patients did not receive any PD treatment after 3 years of PD diagnosis (Figure 2A).

Treatment duration generally decreased at later lines of therapy (Supplementary Table S1). The median treatment 
duration was the longest for levodopa monotherapy (17.5 months for 1L, 8.2 months for 2L, and 4.3 months for 3L), 
followed by levodopa plus MAO-B inhibitors combination therapy (10.4, 7.2, and 5.7 months for 1L to 3L, respectively) 
and levodopa plus DAs (9.8, 7.8, and 6.0 months for 1L to 3L, respectively).

The proportion of incident patients treated with DAs and other PD therapies generally increased over time 
(Supplementary Table S2). Specifically, DAs were received by 11.3% of patients in year 1 and 15.3% in year 10, and 
other PD therapies were received by 7.6% of patients in year 1 and 11.2% in year 10. Meanwhile, the proportion of 
patients treated with levodopa did not show an obvious increasing or decreasing trend and that treated with MAO-B 
inhibitors remained roughly the same over time.

Figure 2 Treatment patterns of incident cohort. (A) Distribution of first, second, and third lines of therapy; (B) levodopa dosing; (C) time to treatment initiation; (D) time 
to treatment discontinuation. 
Notes: a“Other therapies” included amantadine, anticholinergics, catechol-O-methyltransferase inhibitor, levodopa inhaler, istradefylline, and Stalevo. b“Other regimens with 
N<1000” included regimens with a sample size of less than 1000 within each line of therapy. c“No further treatment” included patients who did not have treatment claims in 
the current line among those who have received treatment in the previous line. The counts included those who were censored at this line. dThe outcome event was defined 
as initiation of first PD treatment. Patients were censored at the end of study follow-up period. eThe outcome event was defined as 1L discontinuation. Patients were 
censored at the end of study follow-up period. 
Abbreviations: 1L, first line; 2L, second line; 3L, third line; CI, confidence interval; DAs, dopamine agonists; MAO-B, monoamine oxidase B; NR, not reached; PD, 
Parkinson’s disease; SD, standard deviation.
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Levodopa Dosing
Levodopa dosing among incident patients demonstrated an increasing trend over time (Figure 2B). Patients started 
levodopa at a mean dose of 294.3 ± 120.9 mg/day, and the dose gradually increased to 380.2 ± 178.7 mg/day at the end 
of year one, 412.1 ± 201.8 mg/day at the end of year 2, and 438.2 ± 221.0 mg/day at the end of year 3. Additionally, 
46,995 (21.9%) incident patients had received high-dose levodopa (≥600 mg/day) within the first 3 years of follow-up.

Time to Initiation, Time to Discontinuation, and Adherence to PD Treatments
Based on KM estimates, the median time from PD diagnosis to initiation of first treatment was 2.0 (95% CI: 2.0, 2.1) 
months for any PD treatment and 6.1 (95% CI: 5.9, 6.2) months for levodopa; the median time to initiation was not 
reached for other DA therapies (Figure 2C). Among different PD treatments, the median time to treatment discontinua-
tion was the longest with levodopa (18.7 [95% CI: 18.5, 18.9] months), followed by DAs (9.5 [95% CI: 9.2, 9.7] 
months), MAO-B inhibitors (9.0 [95% CI: 8.7, 9.2] months), and other PD therapies (7.5 [95% CI: 7.2, 7.7] months) 
(Figure 2D). Adherence to treatment was the highest with levodopa (median PDC of 92.7%), followed by MAO-B 
inhibitors (91.2%), DAs (88.5%), and other PD therapies (85.7%) (Supplementary Table S3).

Association of All-Cause HRU and Healthcare Costs with PD Symptoms and AEs in 
the Overall and Active Treatment Cohorts
In general, PD symptoms and AEs were associated with higher rates of HRU and higher healthcare costs, with the 
frequency of all observed all-cause HRU components and most all-cause healthcare cost components being significantly 
higher during the 6-month cycles in which patients experienced PD symptoms or AEs vs the cycles without the 
corresponding symptoms or AEs (Tables 2–5).

Table 2 All-Cause HRU Over 6-Month Cycles Associated with PD Symptoms Among Overall Cohort

PD Symptom Rate of HRU per 6-Month Cycle,  
Mean ± SD [Median]

Multivariable Modela,b

With Symptoms Without Symptoms IRR 95% CI p-value

Motor symptomsc

Inpatient visits 0.7 ± 1.4 [0.0] 0.2 ± 0.9 [0.0] 2.14 (2.12, 2.16) <0.0001*

Outpatient physician or specialty visits 10.9 ± 7.9 [9.0] 8.2 ± 6.7 [7.0] 1.26 (1.26, 1.26) <0.0001*

SNF/LTC visits 7.3 ± 8.4 [4.0] 3.9 ± 6.0 [1.0] 1.57 (1.56, 1.57) <0.0001*
ER visits 0.5 ± 1.0 [0.0] 0.3 ± 0.7 [0.0] 1.41 (1.40, 1.42) <0.0001*

Severe motor symptomsd

Inpatient visits 0.9 ± 1.6 [0.0] 0.3 ± 1.0 [0.0] 2.30 (2.29, 2.32) <0.0001*

Outpatient physician or specialty visits 11.4 ± 7.9 [10.0] 8.9 ± 7.1 [7.0] 1.19 (1.19, 1.19) <0.0001*
SNF/LTC visits 7.6 ± 8.0 [5.0] 4.9 ± 7.1 [2.0] 1.33 (1.33, 1.34) <0.0001*

ER visits 0.8 ± 1.2 [0.0] 0.3 ± 0.7 [0.0] 2.58 (2.57, 2.60) <0.0001*

Sleep disorderse

Inpatient visits 0.6 ± 1.3 [0.0] 0.4 ± 1.1 [0.0] 1.39 (1.38, 1.41) <0.0001*

Outpatient physician or specialty visits 12.0 ± 7.8 [11.0] 8.8 ± 7.1 [7.0] 1.24 (1.24, 1.25) <0.0001*

SNF/LTC visits 6.2 ± 7.4 [4.0] 5.2 ± 7.3 [2.0] 1.21 (1.20, 1.22) <0.0001*
ER visits 0.5 ± 1.1 [0.0] 0.3 ± 0.8 [0.0] 1.30 (1.29, 1.31) <0.0001*

Neuropsychiatric symptomsf

Inpatient visits 0.6 ± 1.4 [0.0] 0.2 ± 0.8 [0.0] 2.13 (2.11, 2.15) <0.0001*

Outpatient physician or specialty visits 9.2 ± 7.5 [8.0] 9.5 ± 7.2 [8.0] 0.89 (0.89, 0.90) <0.0001*
SNF/LTC visits 7.9 ± 8.5 [6.0] 3.0 ± 4.9 [1.0] 2.14 (2.13, 2.15) <0.0001*

ER visits 0.5 ± 1.0 [0.0] 0.2 ± 0.6 [0.0] 1.60 (1.58, 1.61) <0.0001*

(Continued)
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Table 2 (Continued). 

PD Symptom Rate of HRU per 6-Month Cycle,  
Mean ± SD [Median]

Multivariable Modela,b

With Symptoms Without Symptoms IRR 95% CI p-value

Other non-motor symptomsg

Inpatient visits 0.6 ± 1.3 [0.0] 0.4 ± 1.1 [0.0] 1.32 (1.31, 1.33) <0.0001*

Outpatient physician or specialty visits 12.7 ± 7.9 [11.0] 8.8 ± 7.1 [7.0] 1.34 (1.33, 1.34) <0.0001*
SNF/LTC visits 5.1 ± 6.8 [2.0] 5.4 ± 7.4 [2.0] 0.92 (0.91, 0.92) <0.0001*

ER visits 0.6 ± 1.1 [0.0] 0.3 ± 0.8 [0.0] 1.40 (1.39, 1.41) <0.0001*

Notes: *Indicates significant at the 5% level. aIRRs and 95% CIs were estimated using negative binomial mixed effects models. bThe multivariable models 
were adjusted for baseline characteristics, including age, sex, race, state, calendar year of the first PD diagnosis, CCI score and the other PD symptoms. 
cMotor symptoms included dystonia, speech disturbance, dysphagia, gait impairment, and tremor. dSevere motor symptoms included falls and use of 
wheelchair or other enabling machines and devices. eSleep disorders referred to sleep disturbance. fNeuropsychiatric symptoms included hallucination, 
impulse control disorder, cognitive/memory impairment (eg, dementia, mild cognitive impairment), and depression. gOther non-motor symptoms 
included orthostatic hypotension, urinary symptoms (frequency of micturition, urgency of urination, or nocturia), and smell and taste disturbance. 
Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; IRR, incidence rate ratio; ER, emergency room; HRU, healthcare resource 
utilization; PD, Parkinson’s disease; SD, standard deviation; SNF/LTC, skilled nursing facility or long-term care visits.

Table 3 All-Cause HRU Over 6-Month Cycles Associated with Drug-Specific AEs Among Active Treatment Cohort

Drug-Specific AEs Rate of HRU per 6-Month Cycle,  
Mean ± SD [Median]

Multivariable Modela,b

With AEs Without AEs IRR 95% CI p-value

Dyskinesia

Inpatient visits 0.7 ± 1.5 [0.0] 0.4 ± 1.1 [0.0] 1.68 (1.66, 1.70) <0.0001*

Outpatient physician or specialty visits 11.6 ± 7.5 [10.0] 9.4 ± 7.3 [8.0] 1.24 (1.24, 1.25) <0.0001*
SNF/LTC visits 5.1 ± 7.1 [2.0] 5.2 ± 7.2 [2.0] 0.97 (0.96, 0.98) <0.0001*

ER visits 0.5 ± 1.1 [0.0] 0.4 ± 0.8 [0.0] 1.44 (1.42, 1.46) <0.0001*

Somnolence

Inpatient visits 0.7 ± 1.4 [0.0] 0.4 ± 1.1 [0.0] 1.71 (1.68, 1.75) <0.0001*

Outpatient physician or specialty visits 13.2 ± 8.0 [12.0] 9.4 ± 7.3 [8.0] 1.34 (1.33, 1.36) <0.0001*

SNF/LTC visits 6.6 ± 7.1 [4.0] 5.2 ± 7.2 [2.0] 1.35 (1.33, 1.37) <0.0001*
ER visits 0.6 ± 1.1 [0.0] 0.4 ± 0.8 [0.0] 1.60 (1.57, 1.64) <0.0001*

Hallucination

Inpatient visits 1.0 ± 1.7 [0.0] 0.4 ± 1.1 [0.0] 2.40 (2.36, 2.44) <0.0001*

Outpatient physician or specialty visits 10.3 ± 7.1 [9.0] 9.5 ± 7.3 [8.0] 1.06 (1.05, 1.06) <0.0001*
SNF/LTC visits 7.7 ± 8.5 [5.0] 5.2 ± 7.2 [2.0] 1.61 (1.59, 1.64) <0.0001*

ER visits 0.8 ± 1.2 [0.0] 0.4 ± 0.8 [0.0] 2.10 (2.07, 2.14) <0.0001*

Impulse control disorder

Inpatient visits 1.4 ± 2.6 [0.0] 0.4 ± 1.1 [0.0] 3.00 (2.84, 3.18) <0.0001*
Outpatient physician or specialty visits 8.7 ± 7.4 [7.0] 9.5 ± 7.3 [8.0] 0.87 (0.84, 0.90) <0.0001*

SNF/LTC visits 11.4 ± 9.5 [10.0] 5.2 ± 7.2 [2.0] 2.12 (2.04, 2.21) <0.0001*

ER visits 0.9 ± 1.4 [0.0] 0.4 ± 0.8 [0.0] 2.24 (2.12, 2.36) <0.0001*

Notes: *Indicates significant at the 5% level. aIRRs and 95% CIs were estimated using negative binomial mixed effects models. bThe multivariable models 
were adjusted for baseline characteristics, including age, sex, race, state, calendar year of the first PD diagnosis, CCI score and the other PD symptoms. 
Abbreviations: AEs, adverse events; CCI, Charlson Comorbidity Index; CI, confidence interval; IRR, incidence rate ratio; ER, emergency room; HRU, 
healthcare resource utilization; PD, Parkinson’s disease; SD, standard deviation; SNF/LTC, skilled nursing facility or long-term care.
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All-Cause HRU Associated with PD Symptoms and AEs
In the overall cohort, motor symptoms, severe motor symptoms, and neuropsychiatric symptoms had greater impact on 
inpatient and SNF/LTC visits, with adjusted IRR ranging from 2.13 to 2.30 for inpatient visits and from 1.33 to 2.14 for 
SNF/LTC visits during the 6 months cycles with vs without these symptoms (all p<0.0001). Severe motor symptoms had 
the greatest impact on ER visits, with an adjusted IRR of 2.58 during the 6 months cycles with vs without the symptom 
(p<0.0001). Conversely, neuropsychiatric symptoms were associated with lower rate of outpatient visits (adjusted IRR: 
0.89; p<0.0001), and other non-motor symptoms were associated with lower rate of SNF/LTC visits (adjusted IRR: 0.92; 
p<0.0001) (Table 2).

In the active treatment cohort, somnolence, hallucination, and impulse control disorder had greater impact on 
inpatient and SNF/LTC visits, with adjusted IRR ranging from 1.71 to 3.00 for inpatient visits and from 1.35 to 2.12 
for SNF/LTC visits during the 6 months cycles with vs without these AEs (all p<0.0001). Impulse control disorder had 
the greatest impact on ER visits, with an adjusted IRR of 2.24 during the 6 months cycles with vs without the AE 
(p<0.0001). Conversely, impulse control disorder was associated with lower rate of outpatient visits (adjusted IRR: 0.87; 
p<0.0001), and dyskinesia was associated with lower rate of SNF/LTC visits (adjusted IRR: 0.97; p<0.0001) (Table 3).

Table 4 All-Cause Healthcare Costs Over 6-Month Cycles Associated with PD Symptoms Among Overall Cohort

PD Symptom Costs Per 6-Month Cycle, Mean ± SD [Median] Multivariable Modela,b

With Symptoms Without Symptoms Cost Difference 95% CI p-value

Motor symptomsc

Medical costs 16,839 ± 24,656 [6641] 6183 ± 12,156 [1788] 7369 (7317, 7420) <0.0001*

Inpatient costs 3053 ± 11,031 [0] 825 ± 4994 [0] 1563 (1543, 1584) <0.0001*

Pharmacy costs 1708 ± 4696 [789] 1416 ± 3873 [669] 125 (109, 140) <0.0001*

Severe motor symptomsd

Medical costs 22,416 ± 27,723 [11,469] 8295 ± 15,960 [2473] 10,712 (10,637, 10,788) <0.0001*

Inpatient costs 4431 ± 12,836 [0] 1220 ± 6738 [0] 2545 (2512, 2579) <0.0001*

Pharmacy costs 1822 ± 4979 [817] 1483 ± 4076 [699] 156 (138, 174) <0.0001*

Sleep disorderse

Medical costs 15,641 ± 23,788 [5806] 9841 ± 18,212 [2811] 3203 (3128, 3278) <0.0001*

Inpatient costs 3081 ± 10,889 [0] 1531 ± 7588 [0] 936 (905, 967) <0.0001*

Pharmacy costs 1940 ± 5557 [793] 1461 ± 3923 [706] 315 (290, 341) <0.0001*

Neuropsychiatric symptomsf

Medical costs 15,649 ± 23,440 [6015] 6284 ± 13,065 [1950] 5809 (5757, 5862) <0.0001*

Inpatient costs 2648 ± 10,072 [0] 995 ± 5990 [0] 968 (949, 988) <0.0001*
Pharmacy costs 1810 ± 4378 [886] 1291 ± 4119 [579] 350 (333, 368) <0.0001*

Other non-motor symptomsg

Medical costs 14,699 ± 22,294 [5638] 10,263 ± 18,878 [2922] 2219 (2147, 2291) <0.0001*

Inpatient costs 2843 ± 10,261 [0] 1642 ± 7921 [0] 663 (631, 695) <0.0001*
Pharmacy costs 1909 ± 5621 [840] 1489 ± 4005 [702] 378 (350, 407) <0.0001*

Notes: *Indicates significant at the 5% level. aCost differences and 95% CIs were estimated using linear mixed effects models. Costs were inflated to 2020 
United States dollars. bThe multivariable models were adjusted for baseline characteristics, including age, sex, race, state, calendar year of the first PD 
diagnosis, CCI score and the other PD symptoms. cMotor symptoms included dystonia, speech disturbance, dysphagia, gait impairment, and tremor. 
dSevere motor symptoms included falls and use of wheelchair or other enabling machines and devices. eSleep disorders referred to sleep disturbance. 
fNeuropsychiatric symptoms included hallucination, impulse control disorder, cognitive/memory impairment (eg, dementia, mild cognitive impairment), and 
depression. gOther non-motor symptoms included orthostatic hypotension, urinary symptoms (frequency of micturition, urgency of urination, or 
nocturia), and smell and taste disturbance. 
Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; PD, Parkinson’s disease; SD, standard deviation.
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All-Cause Healthcare Costs Associated with PD Symptoms and AEs
In the overall cohort, motor symptoms, severe motor symptoms, and neuropsychiatric symptoms had greater impact on 
medical and inpatient costs, with adjusted cost differences ranging from $5809 to $10,712 for medical costs and from 
$968 to $2545 for inpatient costs during the 6 months cycles with vs without the corresponding symptom (all p<0.0001). 
All PD symptoms were associated with a minor increase in pharmacy costs; the incremental pharmacy costs per 6 months 
attributable to the presence of PD symptoms ranged from $125 with motor symptoms to $378 with other non-motor 
symptoms (all p<0.0001) (Table 4).

In the active treatment cohort, somnolence, hallucination, and impulse control disorder had greater impact on medical 
and inpatient costs, with adjusted difference ranging from $6097 to $11,717 for medical costs and $1470 to $3601 for 
inpatient costs during the 6 months cycles with vs without the corresponding AE (all p<0.0001). All AEs were associated 
with a minor increase in pharmacy costs; the incremental pharmacy costs per 6 months attributable to the presence of 
AEs ranged from $24 (p=0.114) with dyskinesia to $530 with hallucination (p<0.0001) (Table 5).

Discussion
The current large-scale retrospective cohort study among Medicare beneficiaries with PD has found that, while levodopa 
remains the mainstay of PD management, considerable heterogeneity exists in real-world treatment patterns. Over time, 
levodopa dosing tends to increase, and treatment duration for all PD therapies generally decreases at later lines of 
therapy. Importantly, patients with experience of PD symptoms (particularly motor symptoms and severe motor 
symptoms) as well as AEs related to PD treatments (including dyskinesia, somnolence, hallucination, and impulse 
control disorder) had overall significantly higher HRU rates and healthcare costs relative to those without the 

Table 5 All-Cause Healthcare Costs Over 6-Month Cycles Associated with Drug-Specific AEs Among Active 
Treatment Cohort

Drug-Specific AE Costs Per 6-Month Cycle,  
Mean ± SD [Median]

Multivariable Modela,b

With AEs Without AEs Cost Difference 95% CI p-value

Dyskinesia

Medical costs 14,939 ± 23,320 [5072] 10,500 ± 18,859 [3115] 4171 (4044, 4298) <0.0001*
Inpatient costs 3230 ± 10,977 [0] 1703 ± 7966 [0] 1468 (1409, 1528) <0.0001*

Pharmacy costs 1890 ± 5535 [890] 1589 ± 4209 [754] 24 (−6, 53) 0.114

Somnolence

Medical costs 17,829 ± 26,665 [6814] 10,645 ± 19,007 [3163] 6097 (5828, 6365) <0.0001*
Inpatient costs 3490 ± 12,552 [0] 1766 ± 8087 [0] 1470 (1347, 1594) <0.0001*

Pharmacy costs 2058 ± 5346 [967] 1599 ± 4280 [760] 82 (31, 134) 0.002

Hallucination

Medical costs 21,111 ± 26,929 [9927] 10,517 ± 18,891 [3137] 10,875 (10,638, 11,111) <0.0001*
Inpatient costs 4184 ± 12,096 [0] 1738 ± 8061 [0] 2469 (2365, 2574) <0.0001*

Pharmacy costs 2326 ± 6032 [882] 1590 ± 4249 [761] 530 (474, 586) <0.0001*

Impulse control disorder

Medical costs 23,740 ± 29,864 [10,653] 10,733 ± 19,138 [3204] 11,717 (10,848, 12,586) <0.0001*

Inpatient costs 5643 ± 13,985 [0] 1785 ± 8164 [0] 3601 (3212, 3991) <0.0001*

Pharmacy costs 2290 ± 3729 [1215] 1605 ± 4303 [762] 39 (−80, 159) 0.521

Notes: *Indicates significant at the 5% level. aCost differences and 95% CIs were estimated using linear mixed effects models. Costs were inflated to 
2020 United States dollars. bThe multivariable models were adjusted for baseline characteristics, including age, sex, race, state, calendar year of the first 
PD diagnosis, CCI score, and the other drug-specific AEs. 
Abbreviations: AEs, adverse events; CCI, Charlson Comorbidity Index; CI, confidence interval; PD, Parkinson’s disease; SD, standard deviation.
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corresponding symptoms or AEs. Notably, a few PD symptoms were associated with lower rates of HRU. One possible 
reason is that, for instance, patients with neuropsychiatric symptoms tended to have more hospitalizations and long-term 
care utilization (eg, inpatient and SNF/LTC visits), which may in turn explain the relatively fewer visits for outpatient 
care. Collectively, the findings of our study suggest that patients with PD require increasing levodopa doses and/or cycle 
through multiple treatments over time, highlighting the unmet medical needs in PD disease management. Our findings 
also show that PD treatments with better tolerability profiles are warranted to mitigate the excess HRU and cost burden 
imposed by AEs, such as impulse control disorder, somnolence, and hallucinations, as observed among patients receiving 
existing PD medications.

Houghton et al conducted a PD treatment pattern analysis among 68,532 incident patients with commercial insurance 
in the US between 2008 and 2016.20 Similar to our study, that study found that the most commonly prescribed first 
treatments were levodopa therapies (defined as levodopa monotherapy or levodopa combination therapies with carbidopa 
and/or entacapone; 51.0% vs 51.1% for levodopa monotherapy in this study), followed by DAs (11.3% vs 5.9% in this 
study). However, treatment distribution after the first observed treatment was not reported in that study. The median time 
to a first PD treatment in the Houghton et al study was slightly over a month (37 days), which was shorter than the 
currently observed 2.0 months. Notably, younger age was found to be associated with a shorter time to initiation of DAs 
in the Houghton et al study.20 As that study included a generally younger population that were more likely to receive 
DAs, the difference in study populations between the studies may partially explain the discrepancy in the time to PD 
treatment initiation observed.

Our study found that levodopa doses increased over time, which is echoed in a previous retrospective chart review 
study evaluating levodopa treatment patterns among 95 patients with PD across 18 US clinics.21 Although the specific 
levodopa doses were not reported in that study, dose escalation was the most commonly documented treatment change 
over the 5-year follow-up period, with most dose escalations occurring within the first 6 months of treatment. In line with 
that finding, the magnitudes of increases in levodopa doses in our study also appeared the largest during the first year of 
treatment relative to subsequent years.

PD has been shown to be a costly disease.13 Specifically, Medicare beneficiaries with PD have been reported to incur 
higher healthcare costs compared with those without PD.14,15 Furthermore, the incremental costs of PD have also been 
shown to increase over time and with more advanced disease.17,18 While the overarching observations of our study 
corroborate the literature evidence on the excess burden imposed by PD, our study is the first to quantify the economic 
burden associated with PD symptoms and AEs of PD treatments using a representative population in the 100% Medicare 
FFS data. Thus, this study expands the literature by delineating the incremental HRU and healthcare cost burden 
attributable to specific PD symptoms and treatment-related AEs, which provides insight on their relative importance in 
routine PD management. Our study results may also be used by healthcare payers to estimate the expected real-world 
HRU and costs that their enrollees with PD may incur over the course of their disease.

Our study used Medicare data to obtain comprehensive information on treatments, HRU, and costs for a large PD cohort 
in a real-world setting. Furthermore, the use of longitudinal data and mixed effect models allowed the illustration of long- 
term economic burden of patients with PD. Nonetheless, the findings of this study should be interpreted in the context of 
certain limitations. For example, the study population comprised Medicare beneficiaries aged 65 years and older; thus, the 
findings may not be generalizable to all US patients with PD. Similarly, a higher-than-expected ratio of female to male with 
PD was observed in the data (about 1:1 vs the established 2:3),7 which could be due to the generally higher utilization of 
healthcare resources among female than male patients22 or the higher proportion of female enrolled in the Medicare 
program;23 it is also noted that there could be gender differences in response to PD medications.24 Hence, caution should 
be exercised when considering the current findings outside of the Medicare population. Furthermore, despite requiring at 
least two PD diagnosis codes as inclusion criteria, some misdiagnosed patients could have been included. As claims data 
contained diagnostic and procedure codes recorded for reimbursement purposes, not all variables of interest (eg, reasons for 
treatment discontinuation and severity of PD) were available. Identification of PD treatments, symptoms, and AEs might be 
subject to coding errors or data omission; as such, the absence of information may not necessarily indicate an absence of the 
treatment or condition. While the proportion of patients with PD who had no observed treatment may be higher than 
expected, other claims-based studies have similarly reported a substantial portion of patients whose treatments were not 
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observed.20,25 Meanwhile, patients might not have used the recorded medication as prescribed after filling a prescription. Due 
to the observational design, causal relationships between recorded symptoms/AEs and healthcare burden could not be 
established. Lastly, there could be residual confounding due to unmeasured confounders, as confounding adjustments could 
only account for factors that were observable and recorded in the Medicare database.

Conclusions
While levodopa remains the mainstay of PD management among Medicare beneficiaries in the US, considerable 
heterogeneity exists in real-world treatment patterns. PD symptoms, especially motor symptoms and severe motor 
symptoms, as well as AEs related to PD treatments, were associated with significantly higher HRU and healthcare 
costs among patients with PD, suggesting there remains unmet need for PD treatments with better tolerability profiles to 
improve disease management.

Abbreviations
AE, adverse events; CCI, Charlson Comorbidity Index; CI confidence intervals; DA, dopamine agonists; ER, emergency 
room; FFS, fee-for-service; HRU, healthcare resource utilization; IRR, incidence rate ratio; KM, Kaplan–Meier; PD, 
Parkinson’s disease, PDC, proportion of days covered; SD, standard deviation; US, United States.
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